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ties (Fig. 2) . To investigate these in greater detail, we resampled a portion of the Taylor Dome record at higher resolution for chloride and compared it with the GISP2 chloride series. Their variability is equivalent (within a factor of 2), and both display similar style abrupt change events. The onset of the YD in the GISP2 record occurs in less than 20 years (8, 18), and although not as well dated, the onset of the ACR in the Taylor Dome record also appears to be rapid (Fig. 2) . Mean chloride concentration during the YD in Greenland is 75% of the maximum late glacial value, whereas the ACR at Taylor Dome (Fig. 2) is 54% of the last glacial maximum value, consistent with results from Dome B (5). Although it is tempting to correlate specific, decade-to-century-scale, rapid change events, the control of dating on the Taylor Dome is not equivalent to that of the GISP2 series.
From <10,000 to 14,600 years ago, Southern Hemisphere polar atmospheric circulation was not extensive enough to incorporate significant amounts of dust from ice-free continents of the Southern Hemisphere despite arid conditions during at least portions of the YD-ACR periods in regions such as Africa (19). However, atmospheric circulation was vigorous enough to increase the transport of sea salt to Antarctica. Fluctuations in the size of this atmospheric circulation system are recorded in the Taylor Dome chloride series. This series displays variability and a general sequence of events (a YD equivalent or an ACR plus several other rapid change events) that are very similar to events characterizing the deglaciation record in Greenland ice cores. The diversity of events displayed in the Taylor Dome chloride series may not have been observed in previous Antarctic stable isotope or dust series because of the resolution of these records or because these events were largely restricted to change over the Antarctic Ocean. Because modern sea-salt concentrations decline markedly with distance inland from the coast, sites such as Taylor Dome would be expected to contain a more complete record of fluctuations in sea salt. Glaciochemical series provide a measure of atmospheric circulation (14, 15) and not of regional surface temperature, as do stable isotopes (20). Thus, glaciochemical series provide a compatible view of climate change, recording migrations of atmospheric circulation over continents and oceans.
We conclude, on the basis of our comparison of Taylor Dome and GISP2 ice core records, that similar-scale fluctuations of atmospheric circulation occurred over both northern and southern polar marine areas during at least the deglaciation. Fluctuations in temperature over Antarctica and Greenland may not have been as similar, perhaps because of the dramatically different degree of change in ice cover over these two regions. The origin and detailed phasing of the events compared in this study are still unknown, leaving open the question of a forcing mechanism. However, we now have a demonstration that events similar in variability to those seen in Greenland ice cores do exist in Antarctic ice core records. 14 tively, all, or at least a fraction, of the background nuclei for PSC growth can be solid, most likely SAT. Sulfuric acid tetrahydrate is frequently observed in laboratory experiments (3, 6-8), and the existence of H2SO4-containing solids in the stratosphere has been inferred from observations (9). Once formed, SAT particles can persist to temperatures as high as 210 to 215 K, above which they melt to form H2SO4-H2O droplets (6). Because SAT particles are stable over a wide temperature range, they are likely to persist for long periods. Therefore, it is essential to understand how PSCs form when they act as the condensation nuclei. The rated (supercooled) with respect to the solid. A useful measure of the supersaturation is the saturation ratio S (12) (Fig. 1B) . Solid particles are stable with respect to liquids when S > 1 but are unstable when S < 1. For example, a stratospheric sulfuric acid monohydrate (SAM) (H2SO4gH2O) particle is stable in air (with a water partial pressure of 2.5 X 10-4 mbar) between about 266 and 216 K (Fig. 1 Fig. 2A) . The presence of HNO3 in the droplets (Fig. 2B) significantly reduces SAT stability. In air containing H20 and HNO3, SAT is stable with respect to the ternary liquid for temperatures higher than point 1 (and therefore remains "dry") but is unstable at lower temperatures. At point 1, SAT can coexist in equilibrium with a ternary liquid (S = lI), so cooling of an initially dry SAT particle to point 1 leads to deliquescence (14) . At the initial point of deliquescence (point 1), all of the HN03 is still in the gas phase, so the liquid film that begins to form on SAT has the composition of a pure liquid droplet in equilibrium with a gas phase undepleted in HNO3 (in this case, 47 weight % HNO3 and 3 weight % H2SO4) (Fig. 2B) . Upon further cooling, SAT continues to dissolve (thick solid line) as more HNO3 and H20 is partitioned from the gas phase into the liquid. The SAT completely dissolves at point 2, and with further cooling, the composition of the pure liquid droplets continues to follow the thick dashed line (Fig. 2B) .
Deliquescence simply arises as a result of the thermodynamic instability of SAT with respect to the ternary solution. One proposed type I PSC formation mechanism involves nucleation of a binary HNO3-H20 solution on SAT (5, 10) followed by heterogeneous NAT nucleation. Although amorphous HNO3-H20 phases have been observed to nucleate on glass or silicon surfaces in laboratory studies (15), SAT is not an inert substrate and cannot coexist at thermodynamic equilibrium with a binary liquid HNO3-H20 layer. This restriction excludes the nucleation of a liquid because at the moment of formation a critical embryo is required to be in equilibrium with the supporting nucleus.
Without HNO3 in the gas phase, SAT becomes unstable only below the ice frost point (point d in Figs. 1 and 2) . The change in water partial pressure associated with ice growth (even on a fraction of the particles) prevents the remaining SAT particles from deliquescing. The transformation of SAT to a liquid at these low temperatures is therefore only possible in the presence of HNO3. Although SAT is usually the stable H2SO4 solid phase in the stratosphere, sulfuric acid hemihexahydrate (SAH) (H2SO4 6.5H20) HNO3. The HNO3 vapor pressure over this growing layer was 10 to 20 times as great as that over NAT, suggesting the growth of a metastable HNO3 phase (17). However, we have calculated that SAT deliquescence would have started below 192.5 K, indicating that this observation was probably the result of formation of a ternary solution on the SAT. The calculated HNO3 vapor pressure of the resulting ternary solution in equilibrium with SAT is approximately half of that observed experimentally, which again is well within the experimental uncertainties (18). These laboratory observations under stratospheric conditions support our theoretical prediction of SAT deliquescence upon cooling. They also suggest that SAT deliquescence is the preferred phase transition, rather than nitric acid hydrate nucleation from the gas phase, even at high saturation ratios. Therefore, care must be taken in the interpretation of experiments designed to investigate nitric acid hydrate nucleation on SAT or SAH from the gas phase; at tenmperatures less thani tlhe deliquescence point, nucleation in the ternary liquid is likely to be the controlling mechanism. To assist in the interpretation of laboratory experiments and theoretical calculations, we have calculated the SAT deliquescence temperature and the corresponding NAT saturation ratio as a function of HNO3 and H20 partial pressures (Fig. 3) .
At present, the best indicator of SAT deliquescence in the stratosphere is probably the change in aerosol size with chang- es in temperature. Deliquescence leads to significant uptake of HNO3 and H20 from the gas phase and a consequent steep increase in aerosol volume (Fig. 4) . This change in volume of up to a factor of 10 within a temperature interval of only 1 K should be observable in existing and future field measurements.
As a further possibility, we note that rather than the droplets remaining liquid, their growth after deliquescence could initiate nitric acid hydrate nucleation. Although nitric acid hydrate formation in droplets with equilibrium compositions seems unlikely (7), rapid growth of the deliquescing SAT particles to form large HNO3-H2SO4-H20 droplets would lead to strong departures from equilibrium (19). In particular, the composition of the smallest particles could approach pure HNO3-H20 and cause them to freeze as a nitric acid hydrate (19). In contrast to the Meilinger et al. (19) study, rapid temperature fluctuations would not be needed in our mechanism to induce a strong departure from equilibrium; instead, temperatures would simply have to fall below the deliquescence point. Further laboratory experiments and time-dependent droplet growth calculations are required to answer this question.
Deliquescence of SAT is important not only because it occurs before nitric acid hydrate nucleation but also because it occurs at a well-defined temperature for given abundances of HNO3 and H20 (Fig. 3) . Moreover, deliquescence sets a temperature limit below which the formation of type 1 PSCs must occur, independent of whether the initial particles are liquid or frozen as known H2SO4 hydrates. Even if the background aerosol consists of a mixed population of liquid and solid H2SO4 particles, PSC growth must occur at a temperature between the dashed line and the heavy solid line in Fig. 4 .
Accurate predictions of PSC formation in the Arctic, where temperatures are often marginal for PSC formation, are a major challenge. One of the greatest obstacles is the uncertainty in the formation temperature of type 1 PSCs in atmospheric models, which is usually assumed to be anywhere between 0 and 4 K below the NAT condensation temperature. Calculations (4, 5) have shown that when the initial background aerosols are liquid, they grow at a well-defined temperature without nucleation. We have shown that when the background aerosols are frozen as known H2SO4 hydrates, deliquescence upon cooling also leads to type 1 PSC formation at a defined temperature. This improves considerably our ability to predict the development of PSCs and subsequent ozone depletion. 
